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ging is fundamentally a process that occurs over time, so longitudinal studies have been critical to advancing knowledge about aging. In recent years, two developments have dominated the rapid evolution of large-scale, longitudinal studies of aging. First, there is now a domestic and international cohort of longitudinal studies of aging that one might better describe in terms of a network of investigators and samples than as a collection of discrete projects. Collaboration, cooperation, and harmonization are guiding principles. Second-and equally important-in design and content, these studies have increasingly become interdisciplinary and biosocial. In this essay, we focus on developments in the United States and do not attempt to cover international developments in a serious or comprehensive way. Also, the essay is mainly concerned with issues of survey design and method, that is, the research potential of these studies; we have made little attempt to review research fi ndings.
We focus our attention on a selective account of recent developments in studies we know best-the Health and Retirement Study (HRS, D. Weir, principal investigator) and the Wisconsin Longitudinal Study (WLS, R. Hauser, principal investigator) . 1 Both studies have been supported by the National Institute on Aging for almost two decades, but they represent different approaches to building longitudinal studies, have different histories, and have overlapping but distinct content and uses. We do not attempt to describe other valuable studies, such as the Panel Study of Income Dynamics (PSID), a long-running panel with unique multigenerational coverage and recently expanded health content; the Midlife in the United States (MIDUS) study, which has recently completed a second wave of innovative biosocial data collection; the National Social Life Health and Aging Project (NSHAP), which plans a second wave in 2010; or the recently completed National Long-Term Care Survey (NLTCS) and its successor, the National Health and Aging Trends Study (NHATS),
Measuring Wealth From All Sources
The HRS has, from its inception, measured fi nancial assets with survey methods that are detailed, innovative, and generally complete. It has also emphasized the importance of the wealth implicit in Social Security benefi ts and private pension benefi ts (Gustman et al. 1999) . While the elements needed to calculate such wealth measures typically involve confi dential data, the wealth estimates themselves pose little risk to confi dentiality. Recently, the HRS has begun to provide public-use measures of that implicit wealth. With the cooperation of the Social Security Administration, restricted-access administrative fi les were used to generate estimates of Social Security wealth (expected value of future benefi ts) that, with additional statistical safeguards, pose no reidentifi cation risk and have been made available to researchers.
The HRS is also making strides with estimating wealth from private pensions and is the only major survey to estimate pension wealth from plans matched on an individual basis. Whereas Social Security's benefi t rules are well-known and are identical for everyone, calculations of private pension benefi ts are highly variable and employer-specifi c. The HRS attempts to obtain summary plan descriptions (SPDs) from employers, with limited cooperation. The study now asks respondents to obtain SPDs (which they are entitled by law to have) and fi nds related documents in archives of the Department of Labor. A complex data-entry program encodes parameters of pension formulas, and a calculator program combines that information with individual earnings and other data to estimate benefi ts. Early versions of these estimates, plus imputations, are now available in public release.
Measuring Consumption Over the Life Course
Consumption of goods and services and the allocation of time are the fundamental objects of economic analysis, and their evolution over the life course is the primary subject of economic models of aging as well as important indicators of personal well-being (http:// www.bls.gov/cex). Likewise, activities (time use) provide a valuable perspective on changes in people's lives with aging and disability. Despite this, true longitudinal studies of consumption and time use are very rare. Consumption is hard to measure. For example, it takes many hours to complete the Consumer Expenditure Survey (CE). In 2001, the HRS initiated Consumption and Activities Mail Survey (CAMS) in 40% of participating households in order to assess consumption and time use. This survey has been repeated on the same households every two years-that is, in off-years, when there is no regular HRS interview-with fi ve waves now available.
CAMS has been very effective, despite being much shorter than the CE. It covers about 95% of consumption as measured by the CE (Hurd and Rohwedder 2005) . Analyses based on CAMS have laid to rest the "retirement consumption puzzle." Despite the large reduction in income at retirement, consumption measured longitudinally shows little change at retirement, indicating that saving and retirement planning are adequate to maintain consumption for most people. There is some small change in consumption for most people due to a reduction in work-related expenses, and larger changes mainly for persons who left work unexpectedly for health reasons (Hurd and Rohwedder 2008) . This is consistent with other recent work that found a large majority of HRS households to be adequately prepared for retirement (Scholz, Seshadri, and Khitatrakun 2006) .
The Enhanced Face-to-Face Interview
The HRS was, for most of its history, a telephone survey, with the same interview given in person at baseline and for the oldest-old. In 2006, the study design was radically altered (Weir 2007) . A new and distinctly different enhanced face-to-face interview was designed to gather measures that could only be collected in person. These included physical performance measures (grip strength, lung capacity [peak fl ow], a timed walk, and a balance exercise); anthropometric measures (height, weight, and waist circumference); and biological risk measures (blood pressure, and dried blood spots for hemoglobin A1c [a measure of blood glucose levels over the previous 8-12 weeks], total and HDL cholesterol, C-reactive protein [a marker of infl ammation], and cystatin-C [a marker of kidney function]). DNA samples were obtained, and a lengthy psychosocial questionnaire was left for later completion. The new interview was administered to a random half of participant households in 2006, and to the other half in 2008. The new measures deliberately overlapped with those in other studies: in-home biomarkers as in NSHAP; psychological measures as in the study of Midlife in the United States (MIDUS) and WLS; social supports as in ELSA and WLS; and DNA as in ELSA, WLS, and MIDUS. The full content of the HRS psychosocial instruments is shown in Figure 1 . 3 As suggested by Weinstein and Willis (2001) , the addition of biomarkers to the HRS protocol potentially has enormous scientifi c value. The sample is nationally representative. There are longitudinal observations, both before and after the biomarkers have been measured. There are potential comparisons, both domestic and international. Since the HRS spans a broad age range-everything over 50 years-there are many possible choices for scientifi c and policy attention. For younger ages, the HRS has focused on cardiovascular risk and, in particular, the metabolic syndrome. Strongly linked to obesity, the prevalence of metabolic syndrome (a combination of frequently co-occurring medical disorders that increase the risk of developing cardiovascular disease and diabetes) is high and rising (Ford, Giles, and Dietz 2002; Ford, Giles, and Mokdad 2004) , possibly foreshadowing a reversal of several decades of progress in morbidity at older ages (Lakdawalla, Bhattacharya, and Goldman 2004) . In older cohorts, frailty is a major health issue whose prevalence and correlates can be followed in the HRS. A standard defi nition of frailty was offered by Fried et al. (2001) as the presence of three or more of the following: unintentional weight loss in the prior year, lack of grip strength, poor endurance and low energy, slow walking gait, and low physical activity level. Across an eight-year follow-up period, mortality, hospitalizations, and disabilities were much higher among frail than among nonfrail or intermediate classes. This has strong policy implications because the prevalence of frailty is an indicator of the need for long-term care services.
Fortunately, the HRS had some earlier experience with the collection of biomarkers before introducing this protocol to the full sample. These included the Aging, Demographics, and Memory Study (ADAMS) supplement (studying dementia), a diabetes supplement, and face-to-face interviews in 2004. The early efforts provided experience with the challenges in the collection, storage, dissemination, and protection of such data, as well as a focused scientifi c rationale for such measures and for the collective array. It is far more expensive-in interview time, training costs, equipment, and post-fi eld processing-to collect biomarkers and biospecimens than to ask more survey questions. Moreover, although prior experience suggests that almost all survey participants will agree to contribute biomarkers and biospecimens, at least in face-to-face situations, it is not clear how such potentially or actually invasive procedures may affect attrition in the long run.
Institutional requirements for informed consent to obtain biospecimens are far more demanding than those for ordinary survey interviews, even though the entire protocol falls well within the defi nition of "minimal risk" in the U.S. Department of Health and Human Service's Common Rule (45 CFR 46.102), the regulation that governs research with human participants: "the probability and magnitude of harm or discomfort anticipated in the research are not greater in and of themselves than those ordinarily encountered in daily life or during the performance of routine physical or psychological examinations or tests." Finally, there are serious issues in maintaining confi dentiality because information obtained from biomarkers may be sensitive (e.g., pertain to serious health disorders or the potential for such disorders) or because it may be potentially identifi able, as in the case of even a minimal set of genetic information (Homer et al. 2008; O'Brien 2009 ). Thus, even where the data collection protocol itself presents minimal risk, the collection of biomarkers and biospecimens creates new challenges and strains between the protection of confi dentiality and the practice of sharing data (Hauser 1987; National Academy of Sciences 2009; National Research Council 1985) .
Personality

Extraversion
One interesting result of the new measures is the comparisons of self-reported and measured height and weight. The correlation between measured and self-reported weight was very high (r = .98), but there was a downward bias of just over 3 pounds in the selfreports. Self-reported and measured height were somewhat less highly correlated (r = .94), and height was generally overstated in self-report. Reporting errors in height were much more systematically related to age, suggesting that much of the reporting error is due to reporting a height attained in early adulthood rather than the actual height after shrinkage owing to age. Overall, these patterns are similar to what has been reported for NHANES (Kuczmarski, Kuczmarski, and Najjar 2001) . While the errors appear to be small, they both tend toward an underestimation of body mass index (BMI) of about 4%, on average. That is not particularly large or consequential for analysis of BMI as a continuous variable. It is very consequential, however, for cutpoint categorizations. For example, the guideline defi nition of obesity is BMI ≥ 30, which is very near the mean (and mode) of BMI in the older American population. Thus, a relatively small shift in the distribution of BMI due to reporting differences leads to a big change in estimated obesity. Based on self-reports, 29.5% were obese, but based on measured height and weight, 38.2% were obese. A 4% increase in estimated BMI implied a 29% increase in obesity. Two lessons can be drawn from this: (1) the bias in self-reports is more consequential for height than it is for weight, and (2) whatever the source of data, researchers and policy-makers should be very careful in their use of arbitrary cutpoints when studying BMI.
Complementary Data Collection
In addition to the CAMS described above, the HRS has conducted other mail surveys and, more recently, Internet surveys. Mail surveys have covered investments in children's human capital, the lifestyles and management issues of persons with diabetes, the use of prescription drugs in the Medicare-eligible population before and after the introduction of Medicare Part D, and vignettes to assess disability rating scales (see Kapteyn's article in this issue of Demography).
In collaboration with investigators of the RAND Corporation and the American Life Panel (ALP), the HRS has been exploring the use of Web-based survey protocols as a substitute mode for core telephone and face-to-face interviews. One key research issue is to determine the content and timing for which Internet surveys are preferable to traditional survey modes. If successful-and to the extent Web-based survey data are comparable to those obtained by traditional modes-Web-based surveys can yield the same content at much lower cost. Web surveys can also be used for new, supplementary content or as a substitute for supplementary mail surveys. A second key issue that complicates the fi rst is differential access to the Internet. In the HRS, Internet access varies directly with educational attainment and inversely with age. Moreover, to a substantial degree, the effect of educational attainment in this context refl ects differences in cognitive functioning (Freese and Rivas 2005; Freese, Rivas, and Hargittai 2006) . Thus, participants with Internet access are a highly selected subset of all participants.
Representation in the Core HRS Survey
A fundamental concern in both the HRS and the WLS is representation. There are reasons to worry both about selection bias in initial recruitment and participation and about bias in attrition across time. In the case of the WLS, there was essentially no nonresponse at baseline (in 1957, when students were "captive" participants), but there have been a modest share of refusals as each new (or older) cohort has entered the HRS. On the other hand, some initial biases can disappear as the panel ages. For example, the HRS began as a survey of community-dwelling individuals and couples, but because it follows people across time into nursing homes, it now fully represents the population in nursing homes. 4 Kapteyn et al. (2006) examined attrition in the HRS from 1992 to 2006. They found some statistically signifi cant predictors, but these had trivial effects on the distributions of key outcomes in 2006, primarily because the HRS often succeeded in reinterviewing individuals who had missed a wave of the study. Cognition is often a signifi cant factor affecting both willingness and ability to participate in an interview, as seen in the WLS (Freese 2006; Hauser 2005) . The HRS successfully counters this effect through the use of proxy interviews, as can be seen in the sharp contrast with ELSA, in which proxy interviews are used infrequently and in which there is a sharp decline in participation at the low end of cognitive functioning. Although one cannot obtain all of the data from a proxy respondent that might be obtained from a fully functional target respondent, it is possible to ascertain some valuable data, including assessments of the impact of cognitive disability on the family through medical expenditure and the need for informal care.
An important implication of the cognitive response differential is that efforts to measure the prevalence of cognitive impairment require careful attention to survey participation rates by level of cognitive functioning. In this regard, it is advantageous for longitudinal studies to track all current or prior participants.
Other New Content in the HRS
In 2008, the HRS introduced new content about women's health, including recall of hysterectomy, age at hysterectomy, menopausal status, and age at natural menopause. This is an important set of data to obtain for cohorts entering the HRS because about half of women will have experienced menopause by age 50. 5 One check on the quality of these data is that the cumulative percentages of women in the HRS who have experienced menopause by specifi c ages is essentially identical whether using reported status of women at those ages or retrospective reports from women past those ages.
Another important new content area is child health. After a positive experience with these items in a supplementary Internet survey, the HRS has now included retrospective questions about health in childhood for all participants. Similar questions have been asked as part of the PSID, ELSA, and the WLS. They include a rating of general health in childhood, experience with a list of childhood diseases, and a report of length of absences from school because of illness or injury. The rationale for asking such questions is the increasing scientifi c interest in the interplay between health and cognitive, social, and economic success across the life course (Palloni 2006) .
For 2010, the HRS will introduce an innovative set of adaptive cognitive measurements, developed in collaboration with John McArdle of the University of Southern California. Previous HRS cognition measures focused on age-related cognitive decline, especially loss of memory and dementia. They have not previously included key intellectual capacities, such as fl uid reasoning, cognitive speed, and executive function. These gaps in the assessments are being addressed through the development of adaptive testing sequences. The essential idea behind adaptive testing is to ask people questions that are appropriate to their ability levels, 6 not to waste time on items that are either much too diffi cult or much too easy for them. 7 Using an adaptive structure, it is possible to measure an ability accurately with a small number of items, and it offers a better experience to participants because they are less likely to get a lot of items that are hard (unpleasant) or easy (boring). However, in order to build an adaptive test, it is necessary to know the relative diffi culty of the items in advance (i.e., to pre-norm them), and for this reason, the HRS assessments are based on items that, while not part of the published Woodcock-Johnson tests of cognitive abilities, have been taken by the same subject pools as were used to norm those widely used tests. The data collected by HRS itself will then be valuable for further calibration of the items.
Public Administrative Data Links
Both the HRS and the WLS track and link deaths of sample members to the National Death Index (NDI). Both studies use a combination of their own respondent tracking activities with the Social Security Death Index, which provides a timely listing of decedents' names and places of death that are accessible through their Social Security numbers. The additional, restricted NDI data-including multiple causes of death-are provided at low cost as a service of the National Center for Health Statistics (http://www.cdc.gov/nchs/ndi.htm). Without the NDI service, collecting offi cial cause-of-death data would be almost as onerous as collecting private fi rms' pension data, because the several states (and some localities within states) have a variety of burdensome procedures that govern and restrict the release of death information.
Both the HRS and WLS have linked participants' survey and Medicare data, but the HRS is much further along in that endeavor, with claim data now available on 17,000 persons for 1991-2007. Both projects suffered delays associated with HIPAA (the Health Insurance Portability and Accountability Act of 1996). At the time of the last (2004) (2005) (2006) WLS surveys, few of the high school class of 1957 graduates had reached age 65. A pilot linkage was conducted with older siblings above age 65. The NIA has made agreements with the Centers for Medicare and Medicaid Services to support linkage of its surveys and has made investments via a Small Business Innovation Research grant in private fi rm Acumen, LLC, to conduct the linkages. Claims data are highly restricted and complex to use. In consultation with the HRS, Acumen has also produced summary fi les by quarter and year and for intervals between HRS interviews.
Genome-wide Association Studies and the HRS
As part of its enhanced face-to-face interviews in 2006 and 2008, the HRS collected salivary DNA samples from a total of over 13,000 respondents (an 80% cooperation rate). In 2006, a mouthwash method was used. Following the success of the WLS in 2007 with Oragene® (a device for collection of saliva from which large amounts of DNA can be extracted), the HRS switched to Oragene® in 2008. A recent evaluation of the 2006 samples found them to be of excellent quality for large-scale genotyping, with only 3% of the samples unusable. However, the quantity of sample will limit the number of assays for some cases. As with WLS, the HRS samples are stored in a repository using identifi cation 6. "Ability" is used here in the psychometric sense, referring to whatever is being measured, not to the generic psychological construct of cognitive ability.
7. For example, in the United States, the Graduate Record Examinations (GRE) are now administered adaptively.
numbers different from those of other activities, with crosswalk fi les maintained elsewhere in strict security. New sample members and those with no sample or inadequate samples will be asked to provide samples in 2010 and beyond.
ELSA, MIDUS, and the WLS have begun analyzing their genetic samples on a limited and targeted basis, looking at alleles with previously established connections to outcomes of interest. The HRS is pursuing a different path to enable genome-wide association studies. With stimulus funding from the NIA, the 13,000 HRS DNA samples will be genotyped using the Illumina HumanOmni1-Quad BeadChip, which covers a million single nucleotide polymorphisms (SNPs). Using imputation methods, the number of SNPs measured reasonably well will exceed 2 million. This resource will be linkable to HRS phenotype data under terms and conditions similar to those of other restricted data. Researchers will be able to use the linked resource for new discovery and replication of genetic correlates of longitudinally measured health and cognitive outcomes, personality and other psychological characteristics, and economic behaviors. Because the HRS is population-representative, it can also be used to examine population distributions of key allele frequencies and to study ancestry admixtures in the U.S. population.
RECENT DEVELOPMENTS IN THE WLS
Recording Interviews
During development of the 2004-2006 round of the WLS, project staff decided that it would be desirable to record all the telephone interviews (Hauser and Willis 2005:225-26 ). The recordings have been useful in intensive analysis of respondent-interviewer interaction (Gathman, Maynard, and Schaeffer 2008) , administration and coding of cognitive assessments, interviewer training, and edits of the survey data. Because of the demonstrated feasibility and utility of recordings of telephone interviews, the WLS is recording the full home interviews with graduates and siblings in 2010-2011. This round of the study is being carried out by computer-assisted personal interviewing (CAPI), and it is easy to set up a microphone connected directly to the interviewer's computer to record the session. In addition to the several advantages of recording interviews in 2004-2006, the new recordings will serve three other purposes. First, as part of the protocol, the WLS is asking a subsample of participants to describe everything that is going on in a picture handed to them. This is the well-known "Cookie Theft" picture (Goodglass and Kaplan 1983) , used in studies of psychological functioning. Scoring is based on the full text of the reply, so it will be critical to record this sample of extended speech. Second, the last query in the interview asks participants to describe how they met their spouse or-if they never married-how they met a close friend. This provides both a sample of speech and data about differentials in association. Third, the recordings are a strong form of social control. Telephone interviews were carried out from a call center, where supervisory staff could monitor all activities. Face-to-face home interviews are conducted in isolation, but recordings provide evidence that interviews actually take place.
Coding Photographic Images of Participants
The WLS did not measure physical health in 1957. To remedy this lack and to obtain other useful observations, a rigorous protocol for rating photographic images was developed for use with high school yearbook photographs. High school yearbooks from 1957, the senior year of the WLS graduates, were collected and coded in two rounds of effort over the past several years. The two primary objects of measurement were facial mass and facial attractiveness.
Each set of facial appearance codes was assigned independently by multiple coders using a detailed, computer-assisted protocol. The yearbook photograph is the only information about the target individual presented to the coder. The target picture is presented in combination with a visual scale that is anchored by gender-specifi c photographs of 1957 Wisconsin high school seniors who were not in the WLS sample. For example, Figures 2  and 3 show displays similar to those used to code men's and women's facial mass. 8 Very high reliability (Cronbach's α = .91) was obtained in the ratings of facial mass with six independent codings of each photograph (Reither 2005) . In a second round of rating, each rater also recoded several hundred previously coded photos in order to calibrate the two rounds of coding.
A similar protocol was used to code facial attractiveness, based on 12 independent ratings of each photo by contemporaries of the graduates (Meland 2002) . Repeated ratings of several hundred previously coded photos were obtained in order to calibrate the two rounds of coding. As in the ratings of facial mass, the ratings of facial attractiveness were highly reliable (Cronbach's α = .87). There is little reason to think that external information may have prejudiced judgments of the coders. However, in the WLS data, it is possible to control contextual clues affecting the ratings using measures of the social background and academic performance of the participants; in fact, despite the nominal ignorance of coders, who saw only the cropped portraits, there were modest effects of the socioeconomic 8. The individuals shown in the photographs are members of Wisconsin's class of 1957, but they are not in the WLS, nor were these photos used in the actual rating protocols.
Figure 2. Photo Rating Scale for Men's Facial Mass
How heavy is this person?
Click the point on the scale that best represents how heavy you think he is.
Not At All Heavy Extremely Heavy status and IQ of the participants on the ratings that they received. 9 The ratings have already been used in studies of later-life marital and health outcomes (Freese, Meland, and Irwin 2006; Sicinski 2009 ), morbidity and mortality (Hauser 2009a; Reither, Hauser, and Swallen 2009) , and reproductive success (Jokela 2009 ). The WLS is photographing participants during the current round of home interviews. This will permit assessment of the long-term stability of facial features among WLS participants and, also, assessment of other aspects of physical appearance. This decision was prompted by the recent use of photographs to assess the progress of aging in a Danish study (Christensen, Bathum, and Christiansen 2007) .
Studying the Recently Bereaved 10
The HRS conducts exit interviews with next-of-kin following the death of a respondent and has conducted nearly 9,000 of them. The WLS has embarked on an even more ambitious plan to study the circumstances surrounding a death and its impact on survivors. Its 9. As in the case of recordings of WLS interviews, the scanned photographs are stored securely and entirely separately from any other WLS data.
10. These paragraphs paraphrase unpublished work of Professor Deborah Carr, Department of Sociology, Rutgers University, with her permission.
Figure 3. Photo Rating Scale for Women's Facial Mass
Click the point on the scale that best represents how heavy you think she is.
Not At All Heavy Extremely Heavy particular focus is the use and especially the nonuse of advance planning about end-of-life care and legal provisions for the disposition of estates. In the absence of legally enforceable advance directives, diffi cult decisions about stopping or prolonging treatment typically fall upon family members who may be distressed or who may disagree about appropriate care (Kramer, Boelk, and Auer 2006; National Institutes of Health 2005) . This distress may be exacerbated by fi nancial uncertainty, probate costs, and diffi culties in settling estatesespecially in cases in which the deceased did not offer guidance through fi nancial planning mechanisms, such as a legal will, life insurance designations, or pension plan options (Holden and Brand 2003) . WLS investigators plan to examine the impact of both medical and fi nancial end-of-life planning on the psychological and fi nancial well-being of survivors of a sample of recent decedents. In 2004-2006, the WLS collected extensive data from a large subsample of participants on medical end-of-life planning (i.e., a living will, a durable power of attorney for health care [DPAHC] , or discussions about end-of-life treatment preferences). Respondents also were asked about fi ve fi nancial planning instruments that provide for asset transfers upon death: a legal will, revocable trust, life insurance, pension plans, and benefi ciary and executor designations.
Deaths are now being tracked on an ongoing basis, and the WLS will interview two signifi cant others per decedent (the HRS interviews only one). The majority of a projected 1,350 interviews with bereaved persons will occur nine months following the death, although there will also be a comparison sample of about 300 longer-bereaved persons who lost their spouses in the two-year period (2007) (2008) (2009) prior to the start of data collection. With these data, the project will investigate the extent to which both the individual and combined components of the decedent's fi nancial and health-related end-of-life planning affect the surviving kin's psychological well-being (e.g., depressive symptoms, anxiety, alcohol use, grief symptoms, spiritual well-being), and fi nancial well-being (e.g., changes in assets, perceived fi nancial strain, direct costs of end-of-life care). The project will use statistical mediation analysis to evaluate the extent to which the relationship between end-of-life planning and survivors' well-being refl ects three possible pathways: family and professional confl ict surrounding end-of-life care, the locus and quality of care received by the decedent, and quality of the decedent's dying experience. Finally, the project will assess the extent to which the observed associations refl ect preexisting characteristics of the decedent and survivor(s), such as socioeconomic resources, relationship quality, or depressed affect, which may affect both end-of-life planning and end-of-life/bereavement outcomes.
Genetic Data in the WLS
Early in 2007, the WLS collected approximately 4,500 DNA samples from graduates by mail using Oragene® DNA saliva kits. These cover just under 70% of survivors who participated fully (by mail and telephone) in the 2004 graduate surveys. In 2008, 2,300 additional samples were obtained from biological siblings of the graduates. Participants were sent an Oragene® DNA kit containing a vial somewhat like an oversized contact lens case (http://www.dnagenotek.com/products_oragene.htm). They were instructed to place saliva in the lower part of the container, then screw on the top, shake it, and return it in a sealed bag. When the vial is sealed, a preservative is released. The average DNA yield is much larger than that in more widely used collection schemes-for example, a median of 2 μg for a buccal swab versus 110 μg for the Oragene® kit.
Although response was acceptable for a mail-out protocol, the WLS is making a second effort to collect DNA and consent forms from nonrespondents during the current home interviews. Collection of DNA samples has raised serious security issues, and WLS researchers have made every effort to eliminate any possibility of personal reidentifi cation of the samples. The identifi cation numbers for these DNA samples are completely different from those used elsewhere in the study, and no identifi able information is directly linked to the samples. The key link between DNA and other WLS data is very tightly controlled.
WLS researchers extracted and froze the DNA samples in a laboratory with a secure backup power source. Initial laboratory assessments established that most of the samples are large enough to permit several independent sets of assays as new scientifi c opportunities arise. With funding now in hand, the WLS has completed an initial round of assays to identify 95 alleles, including the APOE gene (a genetic marker for late onset Alzheimer's disease) and other potential markers for cognitive functioning; markers for obesity, diabetes, cancer, and longevity; and markers for other psychological characteristics, in particular, personality traits and indicators of psychological distress (e.g., depressive symptoms, alcohol use, hostility, and anxiety).
Sibling-Based Studies
During the 1975 interview, the WLS obtained a roster of each respondent's living siblings. The roster included age, gender, and highest level of schooling. This has informed WLS analyses of the infl uence of age, gender, birth order, sibship size, and child spacing on ability, educational attainment, and occupational achievement. In each sibling roster, a randomly selected sister or brother was identifi ed by name and that person's occupation, current address, and the name of the last secondary school (if any) attended by that person in the state of Wisconsin were ascertained. Researchers randomly chose a highly stratifi ed probability sample of selected siblings for interview during 1977, using much the same instruments and methods as the 1975 graduate survey. Data on the mental ability of the siblings from the Wisconsin State Testing Service were also ascertained. Interviews were completed with 90% of the selected siblings, and test scores were obtained for 80% of them. The 1977 sample contains approximately 1,500 same-sex pairs of siblings and 500 cross-gender pairs of siblings. The 1992-1994 round of the WLS expanded the sibling sample and, again, used essentially the same instruments as for the graduates. In 2010, the WLS is again interviewing siblings as well as graduates.
Several studies have used WLS data to focus on similarities and differences among graduates and siblings with respect to cognition, educational attainment, and economic success and on the extent to which failure to control common family factors may lead to bias in estimated effects of educational attainment on economic success (Hauser 1984 (Hauser , 1988 Hauser and Mossel 1985, 1988; Hauser and Sewell 1986; Hauser, Sheridan, and Warren 1999; Warren, Sheridan, and Hauser 2002) . These data invite further investigation with genetically informed designs.
Personality
In 1993-1994 and 2004-2006 , the WLS surveys of graduates and siblings measured the basic dimensions of personality known as the "Big Five": extraversion (vs. social inhibition); agreeableness (vs. antagonism); conscientiousness (vs. lack of direction); neuroticism (vs. emotional stability); and openness to experience (Digman 1990) . Although the Five-Factor Model has its detractors (Eysenck 1992) , it is arguably the most widely used taxonomy of personality traits. The WLS obtained self-reports for 29 items in John's (1990 , 1991 , to measure personality variables for graduates and siblings.
Behavioral genetic studies indicate that human personality traits are under a substantial degree of genetic infl uence (Bouchard 1997; Plomin, Owen, and McGuffi n 1994) . Yet, despite recent developments in molecular genetics, only modest progress has been made in identifying specifi c genetic variants that demonstrate robust and consistent associations with personality traits (Munafo et al. 2003 (Munafo et al. , 2008 . Genetic markers available in the WLS have received attention in personality research. DRD2 and DRD4 were shown to be associated with neuroticism (Lee et al. 2005; Tochigi et al. 2006; Wacker et al. 2005) , and DRD4 was related to extraversion Eichhammer et al. 2005) . The 5-HTTLPR polymorphism was extensively studied with respect to neuroticism (Brummett et al. 2003; Dragan and Oniszczenko 2006; Greenberg et al. 2000; Jang et al. 2001; Lesch et al. 1996; Middeldorp et al. 2007; Samochowiec et al. 2004; Sen et al. 2004; Stoltenberg et al. 2002; Willis-Owen et al. 2005) . In addition to neuroticism, 5-HTTLPR may be associated with openness (Stoltenberg et al. 2002) , agreeableness (Greenberg et al. 2000; Jang et al. 2001; Sen et al. 2004) , and extraversion (Gillihan et al. 2007 ), although the robustness of these associations needs to be assessed further.
One reason for the inconsistency and nonreplicability of previous fi ndings is the small magnitude of effect sizes (Munafo et al. 2008) . Personality is a complex trait and is, therefore, infl uenced by many genes, each with a relatively small effect (Greenberg et al. 2000; Savitz and Ramesar 2004) . A putatively weak relationship between genotype and phenotype should only be detectable through the use of large samples (Savitz and Ramesar 2004) . Yet, most studies have relied on samples that were too small to reliably detect the effects of specifi c genes (e.g., Brummett et al. 2003; Dragan and Oniszczenko 2006; Gillihan et al. 2007; Tochigi et al. 2006) . Large-scale studies, such as the WLS, offer the best means of achieving suffi cient power to detect associations of small magnitude. Moreover, the WLS can overcome other limitations of existing research. Many studies of genetic infl uences on personality were based on clinical or nonrepresentative samples, such as depressed patients (Brummett et al. 2003) , families with alcoholism (Stoltenberg et al. 2002) , families with high blood pressure (Sen et al. 2004) , and twin studies (Eley et al. 2003; Jang et al. 2001; Middeldorp et al. 2007) . In contrast, the WLS is broadly representative of white non-Hispanic men and women. Finally, personality research has largely focused on young or early midlife adults (Dragan and Oniszczenko 2006; Gillihan et al. 2007; Rosenberg et al. 2006) , so fi ndings from the WLS may provide important information about genetic infl uences in an older population.
Like other complex behavioral outcomes, personality traits result from the interplay of genetic variations with environmental infl uences (Loehlin 1992; National Research Council 2006) . The gene-environment interaction approach assumes that environmental factors, such as life events, infl uence personality, and genes affect individual susceptibility to environmental challenges (Caspi et al. 2003; Moffi tt, Caspi, and Rutter 2005; Rutter, Moffi tt, and Caspi 2006) . The WLS measures a wide array of life transitions; thus, one may examine whether certain genotypes increase the likelihood of personality change following stressful events, such as widowhood.
Cognition and Decision-Making
Over the past 20 years, both the government and employers have shifted more of the responsibility associated with planning and managing the retirement years toward individuals. Moreover, technological advances-ranging from the expansion of the Internet to the development of life-extending medical technologies-also offer older adults an unprecedented number of options about health insurance, choice of health care providers, and types of medical treatments. Thus, capacity of individuals to make good choices about their investments, medical care, insurance, and other domains of increased uncertainty and personal responsibility may be an important determinant of both fi nancial and healthrelated well-being in old age.
One of the key baseline measures in the WLS is a standard IQ test, the Henmon-Nelson Test of Mental Ability (Henmon and Holt 1931; Nelson 1946, 1954) , which was administered to about 70% of graduates in their freshman year of high school and to all of them in their junior year. Coverage of selected siblings is about 80%. In 1993-1994, the surveys administered a single cognitive assessment, the abstract reasoning (similarities) module of the Wechsler Adult Intelligence Scale (WAIS; Wechsler 1958 Wechsler , 1981 . In 2004-2005, this assessment was repeated but also included a digit recall and ordering task, an immediate and delayed word recall task, and timed tests of verbal fl uency. The current round of interviews repeats these assessments and adds several more intensive assessments of cognition.
In this connection, David Laibson and his colleagues are collaborating with the WLS in analyzing data for many of the nearly 400 SNPs that Laibson and colleagues are using in analyses of the Age, Gene/Environment Susceptibility-Reykjavik Study (AGES-RS) (National Research Counil 2007) . That is, the WLS will cross-validate preliminary fi ndings from AGES-RS. The WLS has also added decision-making tasks designed by Laibson and colleagues to the current wave of WLS surveys. Most participants undertake a hypothetical set of tasks pertaining to small, immediate payoffs versus later payoffs with known probabilities, while a highly stratifi ed subsample of graduates and their siblings play the same games for modest, but real, monetary stakes. While the AGES-RS is very rich in biomedical measures, the WLS has far more evidence about actual decision-making across the lifecourse, beginning with the decisions about postsecondary school activities that were at issue when the study began (Sewell et al. 2004) .
CONCLUDING REMARKS
Large-scale longitudinal studies of aging have many strengths. Like large cross-sectional studies, they provide "the big picture" by offering descriptions of population characteristics, but they also make it possible to model longitudinal processes. They often provide relational data by directly or indirectly collecting the characteristics of individuals related to primary participants. For example, the HRS typically samples both members of a married couple, while the WLS includes the siblings (and sometimes spouses) of graduates. These studies also provide insights into multiple social and economic contexts, e.g., as defi ned by gender, race/ethnicity, geographic location, or type of employment. Such studies can also tell us something about "the small picture," unique situations. For example, most research on parents with disabled adult children is based on clinical cases or "snowball samples," while the size of the WLS has made it possible to identify hundreds of such cases in a representative sample (Greenberg, Seltzer, and Greenley 1993; Greenberg et al. 1999; Seltzer et al. 2004; Seltzer et al. 2001; Seltzer, Greenberg, and Krauss 1995; Taylor et al. 2008) . Similar observations apply to the ADAMS spin-off of HRS, which differs from most studies of dementia because it pertains to a representative sample of such persons (Langa, et al. 2005; Plassman et al. 2007 ).
There are also many challenges to success in large-scale longitudinal studies. In the past, most such studies have been of short duration. They have often been short of bioindicators-though that situation is improving quickly. Such studies are very costly, and loss of population coverage is always a threat to validity. They are also burdensome to participants; it is a remarkable fact that, despite overall declines in willingness to participate in social surveys, well-designed and -executed studies have been able to maintain participation over long periods of time. The exemplars in the United States include the PSID, the HRS, WLS, and the 1979 National Longitudinal Study of Youth. Finally, as discussed above in relation to the HRS biomarker collection, the protection of research participants is a continuing challenge.
Ideally, we should like to see a system of continuous longitudinal studies in the United States that would cover the entire population from birth to death. This is not to suggest that there should be one central source of such studies, but that universities and government entities should collaborate in moving toward that goal. Each such study should be interdisciplinary in design, measurement, and analysis. The several studies should overlap in content and design, but not be so similar that the same gaps or problems could occur in every study. There should be a serious effort to establish comparability in the measurement of key variables and, of course, sharing of data to the greatest extent possible within the limits imposed by protection of privacy and confi dentiality of participants.
